The human neonate is uniquely susceptible to severe and overwhelming bacterial and fungal infections (1-9). While a number of abnormalities have been described in the host defense system of newborn infants (7, 8) , one of the most important appears to be in PMN function. What reasons can be given for making this statement, in view of reports (7, 8) describing defects in almost every aspect of the immune system of the neonate? First is the type of infections that the neonate suffers. Skin infections with surface contaminants such as staphylococci and candida are extremely common in neonatal intensive care units and newborn nurseries (9) . Clearly, PMNs are the first line of defense against this type of microbial invasion.
Second is the high incidence of pneumonia in neonates due to organisms such as group B streptococci (3) . While macrophages play some role in the initial response to bacterial pulmonary infection, PMNs rapidly become the predominant cell type in the inflammatory exudate within the alveoli of adult patients with pneumonia (10) . In contrast, there is a paucity of these cells in the alveoli of infants dying of group B streptococcal pneumonia ( 1 1). Along with antibody and complement, phagocytes are absolutely essential in killing of group B streptococci (12, 13) . Clearly, the number and functional integrity of PMNs contributes to derense against this extremely common neonatal pathogen. Third, systemic infection in the neonate, including sepsis and meningitis, is often more common and more severe when neutropenia is also present (14, 15) . PMNs are often lacking or present in small numbers in the meninges of newborns with obvious bacterial meningitis or in the peripheral blood of infants with sepsis (14) (15) (16) . These facts clearly point to abnormalities in PMNs contributing to the susceptibility of neonates to serious infection. The purpose herein will be to review and analyze the reported abnormalities in PMN function in neonates. In each case, an attempt will be made to assess the clinical importance of the abnormality and to define the structural and biochemical mechanisms involved. First we will review what is known about the biochemistry and function of PMNs from older children and adults. The activity of cells from neonates will then be compared and contrasted with that of normal cells. Lastly, I will speculate on the mechanisms involved in the observed abnormalities and discuss how they might interrelate.
BIOCHEMISTRY AND FUNCTION OF NORMAL PMNS
Activation. Activation is a term that is much more commonly applied to the macrophage when discussing the host defense system. Dorland's Medical Dictionary (1 7) defines "activation" as the "act or process of rendering something active." "Active," in turn, is defined as being "characterized by action, not passive, not expectant." Everything we know about the PMN suggests that it can be rendered active, not expectant and not passive, at HILL least in the normal host. Recently, in a more limited scientific sense, activation of the PMN has come to mean those biochemical and physiological events which occur after chemotactic factor-receptor interaction (1 8). I suspect that the priming of the PMN for functional activity is dependent on these same biochemical and physiological changes in the cell. Furthermore, the priming is most certainly due to the interaction of the cell with inflammatory mediators derived from the invading microorganism, the complement system, arachidonic acid metabolism, or from other cells such as the macrophage or lymphocyte.
Chemotactic factor-receptor interaction and signal transduction. Receptors have been characterized for chemotactic factors, such as C5a and the formyl-peptides, on the surface of PMNs (19, 20) . The number and affinity of these receptors on normal cells is known. Following ligand-receptor interaction, a complicated series of events occurs that subsequently results in functional activity. These events include changes in membrane potential (2 1-23), the breakdown of phosphoinositol into inositol triphosphate and diacyl-glycerol (24) , an increase in free intracellular calcium ion (Ca++) (23, 25, 26) provoked, in part, by inositol triphosphate, diacyl-glycerol-induced phosphokinase C activation (24) , sodium ion (Na+) influx (27) , alkalinization of the cytoplasm (28) , and an increase in cell volume (27) . Although, probably not directly involved in signal transduction of the PMN (29) , there is also activation of adenylate cyclase and the generation of a transient elevation in cyclic 3'5' adenosine monophosphate (30, 3 1). These events lead to a decrease in the net negative charge on the PMN cell membrane (32) and a ruffling of its surface.
Microtubules, microfilaments, and receptor mobilization. An area of cytoplasm at the outer margin of the cell, which is devoid of granules, assumes a glassy or hyaline appearance (33) . This hyaline ectoplasm forms a broad lamellipodium at the leading edge of the cell; the cytoplasm appears to be very fluid in this area. Microfilaments (6 nm in diameter) appear in the ectoplasm which are composed of actin. These are especially prominent in areas where the cell attaches to the substrate. Larger, 24 nm diameter microtubules composed of tubulin, appear in the endoplasm of the cell and "insert" into the regions containing actin filaments. These structures probably assist in providing asymmetry and support for the contracting microfilaments (33) . They are also clearly involved in degranulation and regulate the movement of receptors for certain lectins such as Con A on the surface of the PMN (34) .
Adherence and aggregation. Recent evidence suggests that adherence of leukocytes to a substrate involves a series of surface glycoproteins (35) (36) (37) . These glycoproteins share a common P chain that has a molecular weight of approximately 94 kD. A glycoprotein termed Mol, which has an CY chain of approximately 155 kD, is found on monocytes, granulocytes, and large granular lymphocytes. One domain of the molecule represents the receptor for C3bi. This glycoprotein not only functions to bind C3bi-coated particles to the surface of PMNs but through another domain acts as a critical factor in adhesion related phenomena such as cell surface spreading, leukoaggregation, and cell movement (37) . Another of these surface glycoproteins termed the human LFA-1, with an alpha chain of 180 kD, is found on all leukocytes and functions in lymphocyte adherence-dependent activities such as that of binding cytotoxic lymphocytes to target cells (37) . A third glycoprotein of the same family, with an CY chain of 150 kD, is termed Leu-M5 and has the same distribution as Mol but as yet no well documented function.
In addition to the surface glycoproteins involved in adhesion, one of the constituents of the specific granules, lactofemn (38) , also serves to promote attachment of PMNs to surfaces. Stimulation of PMNs with chemotactic factors or with the active ingredient of croton oil, phorbol myristate acetate, results in discharge of the specific granules and enhanced adherence. This is probably due both to the appearance of lactoferrin at the cell surface and to the upregulation of surface expression of a variety of receptors (38, 39) .
PMNs may adhere to each other, a process termed aggregation, to inert surfaces or to endothelial cells (40, 41) . Fibronectin, a high molecular weight glycoprotein (450 kD) which is a major constituent of the intracellular matrix, is present on endothelial cells and involved in PMN attachment to these cells (42, 43) . Stimulation of PMNs or the endothelial cells with chemotactic factors such as C5a or FMLP will result in enhanced adherence (4 1) or aggregation (40) . The aggregation response of PMNs from normal adults to such stimulation is a temporary one, however, which is followed by disaggregation within a brief period of 2 to 3 min (40) . Aggregation probably is a mechanism for amplification of the acute cellular response, since it results in the accumulation of a large number of phagocytes along the vessel wall nearest to the site of microbial invasion or injury. PMN aggregation can also be harmful, however, when it occurs diffusely throughout the vessels of the lung or other organs (44) . Under these circumstances, diffuse endothelial cell damage may result from the generation of toxic oxygen radicals or the release of lysosomal enzymes by the adherent, aggregated PMNs.
Deformability and movement. After PMNs accumulate along the capillaries, they must deform and diapedese through the endothelium and vessel wall into the tissues. The ability of phagocytic cells to deform is critical not only in escaping the vascular system but also in moving through the tissues (45) . To some extent the rigidity of the PMN is dependent on cytoskeletal elements such as the microtubules, microfilaments, and intermediate fibers. Contraction of the microfilaments and, thus deformability is an energy requiring process dependent on ATP. The process involves both actin filaments and myosin similar to the process of muscle contraction.
Movement of PMNs through tissues toward the site of microbial invasion or injury is dependent on a concentration gradient of chemotactic factor (46) . The PMNs orient toward the gradient and begin to form lamellipodia as described above. These attach to a surface at the end toward the source of the chemotactic stimulus. Through the contraction of actin containing microfilaments, stabilized on a skeleton of microtubules, receptors at the leading edge of the cell migrate back toward the tail or uropod (47) . The cytoplasm and organelles flow forward toward the "head" pulling most of the remainder o f the cell along. Again, this appears to be an energy requiring process dependent upon ATP.
Phagocytosis. As the cell reaches the site of microbial invasion or injury, it no longer senses a concentration gradient of chemotactic factor but rather is surrounded by relatively high concentrations of mediators. At this point, directed movement probably ceases and receptors for the Fc fragment of immunoglobulin, breakdown products of the third component of complement (C3b and C3bi) and fibronectin upregulate (39, 48, 49) . There is some evidence that these receptors may even congregate at the "head" of the cell where they would be most likely to come in contact with an opsonized microbial invader (50) .
Following contact of the opsonized particle with cell surface receptors for the Fc fragment of immunoglobulin or the receptors for the complement breakdown products C3b (CR-1) or C3bi (CR-3), the exterior membrane of the cell in the area of contact forms pseudopods that gradually surround the particle forming a phagocytic vacuole containing the offending pathogen. Recent evidence gathered with the aid of monoclonal antibodies to these receptors suggests that each may function independently or in concert to promote a certain proportion of the observed uptake of an opsonized particle or bacteria (51, 52) . There is also evidence that fibronectin and fibronectin receptors on cells may function in this system to promote the association of opsonized particles with phagocytic cells (53) (54) (55) (56) .
Bactericidal activity. Following exposure of PMNs to opsonized particles or certain soluble stimuli, these cells undergo a marked change in the way in which they handle oxygen (57) . This is termed the "respiratory burst" and is due to the activation of an NADPH oxidase at the cell surface (Fig. 1 ). This enzyme catalyzes the one electron reduction of oxygen to form superoxide (02-) and NADP+. The NADP+ stimulates glucose metabolism through the hexose monophosphae shunt, regenerating more NADPH to continue the respiratory burst. The 0 2 -is rapidly acted upon by superoxide dismutase to form hydrogen peroxide (H202) and molecular oxygen. These intermediate products of the respiratory burst do not possess strong bactericidal activity themselves. Rather they are important in generating oxidized halogen and hydroxyl radicals as follows:
(2) The first reaction is catalyzed by the lysosomal enzyme myeloperoxidase while the second requires iron or copper. Both the hypochlorite and hydroxyl radicals possess potent bactericidal activity.
Several mechanisms function within the cell to inactivate or detoxify the products of the respiratory burst (58) . Catalase functions to breakdown hydrogen peroxide, while superoxide is acted upon by superoxide dismutase. Reduced glutathione also interacts with hydrogen peroxide in the presence of glutathione peroxidase as follows:
These mechanisms serve to protect the PMNs of normal adults from autooxidative damage caused by toxic products of the respiratory burst.
In addition to the oxygen dependent bactericidal mechanisms there are a number of oxygen-independent ones (59). These include lactofenin, a component of specific granules mentioned earlier, which binds iron avidly and thus is active against organisms that require iron for growth. This substance in combination with iron also catalyzes the generation of hydroxyl radicals as shown above in formula 2. A number of cationic proteins, found primarily in azurophilic or secondary granules, also exist that contribute to oxygen-independent bactericidal activity. These bind to the surface of negatively charged, gram-negative organisms and inhibit growth. Permeability promoting factors have also been described. Lysozyme, contained in both primary and secondary granules, acts to disrupt peptidoglycans of the cell wall of gram positive organisms. In addition, lowered pH within the phagocytic vacuole contributes to the death of ingested pathogens.
With these basic facts about the biochemistry and function of normal PMNs in mind, lets proceed to an examination of the reported abnormalities in the PMNs of neonates.
ABNORMALITIES IN NEONATAL POLYMORPHONUCLEAR LEUKOCYTES
Activation. A variety of processes appears to be able to prime or "activate" the PMNs of older children and adults. These include systemic (60, 61) , pulmonary (62) , and even localized skin infection (63) . The PMNs of patients with the adult respiratory distress syndrome (64) and individuals after myocardial infarction are also in an activated state (65) . These cells respond in an enhanced fashion in chemotactic and aggregation assays and in assays designed to assess the respiratory burst. Enhanced adherence by PMNs from adult patients with sepsis has also been described (66) . Exposure of normal PMNs from adults to low concentrations of chemotactic factors including formyl-methionyl-leucyl-phenylalanine and activated complement components can result in similar functional and metabolic alterations in vitro (4 1, 67,68). Thus, the cells of normal mature individuals appear to have a "reserve" that can be called on during times of stress. This does not appear to be the case with the PMNs of neonates. Wrieht et al. (69) first observed that the PMNs of stressed neonges with a ;ahety of infectious and noninfectious illnesses had depressed bactericidal activity when compared to control health infants. We subsequently also observed that the PMNs of stressed infants had decreased respiratory burst activity upon exposure to a phagocytizable particle and decreased bactericidal activity for group B streptococci (70, 71) . This abnormality could not be ascribed to a decrease in phagocytic uptake (70) (71) (72) .
We have preliminary data suggesting that preexposure of the PMNs of neonates to low levels of chemotactic factors does not result in enhanced motility or enhanced respiratory burst activity as has been described with the PMNs of adults (67) . The reasons for this are currently not known. One possibility is related to the generation of LTB4 by the PMNs of neonates (73) . This substance has potent PMN activating properties. Since it is produced by PMNs upon stimulation with chemotactic factors such as C5, and FMLP, it may serve as an intra-or intercellular second messenger. However, Kikawa et al. (73) 
of the PMNs of neonates. LTB4 production follow-that the depolarization is most likely associated with activation ing chemotactic factor stimulation of neonatal PMNs has not of the respiratory burst since it is reduced to absent in the PMNs been studied, however.
of patients with chronic granulomatous disease. This initial
Chemotactic factor-receptor interaction and signal transduc-depolarization can be produced by exposure of cells to the tion. Additional possible reasons for failure of the PMNs of calcium ionophore A23 187 and to PMA, which stimulate oxineonates to "activate" lie in chemotactic factor-receptor inter-dative metabolism but not directed movement. In contrast, the action or the mechanisms for stimulus response coupling. An-subsequent hyperpolarization was attributed to an increase in derson et al. (47) reported that the PMNs of neonates have a permeability to potassium (80) . normal number of receptors for tritiated FMLP, and that the In addition to measuring free calcium levels within the PMNs affinity of the binding and dissociation at 37" C is equivalent to of neonates, we also assessed changes in membrane potential that of PMNs from adults. Strauss and Snyder (74) also reported employing the potential sensitive dye DiOC5(3). We (23) found that the binding of FMLP to PMNs from neonates was normal that the PMNs of neonates with defective chemotactic function at both 22 and 4" C, and that the affinity of the binding was failed to show the hyperpolarization response observed following normal at both temperatures. Based on the results of their studies, chemotactic factor stimulation of PMNs from adults (Fig. 3) .
these authors suggested that the abnormality in the neonatal cell Treatment of adult PMNs with the calcium channel blocking involved events subsequent to initial chemotactic factor-receptor agent, verapamil, resulted in a response similar to that observed interaction. Subsequently, we confirmed that FMLP binding was with PMNs from neonates. We are currently attempting to study normal on the PMNs of neonates at not only 37" C (23) but also potassium flux in these cells and to also assess the ATP-dependat O" C where receptor-ligand internalization would be minimized ent calcium pump. We are also studying ATP levels in neonatal (75) . We also studied events subsequent to chemotactic factor PMNs as monocytes from infants have been reported to have receptor interaction in the PMNs of neonates. Employing the low levels of this critical energy source (81). Thus, both an calcium-sensitive probe Quin 2/AM, we (23) found that the level of free calcium reached within the PMNs of neonates was lower 40 than that of the PMNs from adults following chemotactic factor stimulation (Fig. 2) . The increase in free calcium following chemotactic factor stimulation apparently came predominantly n from intracellular stores since similar increases occurred in media deprived of calcium. These results are similar to those of Korchak et al. (18, 76) who demonstrated that the activation of PMNs is at least partially dependent upon increases in free intracellular calcium that is derived primarily from intracellular pools. It should be pointed out that Strauss and Nyder (77) have indicated that chemotactic factors elicit a normal influx of calcium in the PMNs of neonates. This does not necessarily conflict with our data, however, since we measured free intracellular levels of calcium derived primarily from intracellular pools.
NEONATAL PMNs + FMLP
Following cellular activation and increases in free intracellular calcium, an ATP-dependent calcium pump is activated in the plasma membrane of human PMNs that pumps calcium from 
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insufficient rise in intracellular free Ca++ and low ATP levels could lead to inadequate pumping of Ca++ back to the exterior in the PMNs of neonates. This, along with alterations in K+ flux, might contribute to the lack of the hyperpolarization response in the neonatal PMN. The relationship of this defect to functional activity remains to be determined, but it is likely that this represents an abnormality in signal transduction. Further evidence of this abnormality has come from studies on the generation of the chemotactic factor-induced rise in CAMP. We have found that the PMNs of neonates fail to produce an increase in CAMP after stimulation with FMLP (75) . While this may not actually be related to the defect in PMN activation observed (29) , it does indicate that the signal is not being transduced appropriately.
Microtubules, microfilaments, deformability, and receptor mobilization. Miller (82, 83) has indicated that the PMNs of the newborn fail to deform normally following chemotactic factor stimulation. Furthermore, Kimura et al. (84) and Strauss and Hart (85) have shown that these cells do not mobilize surface receptors for Con A following microtubule disruption with colchicine. These investigators postulated that the infants' PMNs possessed rigid cytoskeletal elements that prevented adequate deformability and movement. More recently, we (75, 86, 87) have made similar observations. Although, we did observe an increase in Con A capping following exposure at the PMNs of neonates to colchicine, the levels reached were significantly less than that observed in adult cells. We interpret this to mean that elements other than the microtubules themselves are involved in making the cell a rigid one (75, 86, 87) .
Deformability and movement of PMNs, as mentioned, is dependent in part on the formation of filamentous actin (F actin) from gel actin. Contraction of the microfilaments is dependent on an ATP-dependent interaction of the F actin with myosin.
Employing the fluorescent probe NBD-phallacidin which binds specifically to F actin, we (88) and Hams et al. (89) have reported decreased generation of F actin by the PMNs of neonates following chemotactic factor stimulation. Hilmo and Howard (90) reported that the relative increase in F actin content of neonatal cells was less than that of PMNs from adults following FMLP stimulation, but this was due to a higher baseline F actin content in the PMNs from infants. Thus, it does not appear that the overall level of F actin is less in the PMNs of neonates. A deficiency of cellular ATP might also impair contraction of microfilaments due to the requirement for this energy source to promote the interaction of actin with myosin.
Evidence of impaired movement of surface receptors has also come from studies of Anderson et a[. (47) and Roberts and Stiehm (9 1). These investigators found that receptors for latex beads (47) or Con A (9 1) failed to redistribute from the head to the tail or uropod of migrating PMNs. Anderson et al. (47) suggested that the abnormality they observed lay in reduced modulation of cell adhesiveness by the PMNs of neonates. These authors found that the PMNs of neonates fail to adequately upregulate adhesive Mol, or CR-3, receptors on their surface following chemotactic factor stimulation (92) . This is in spite of the fact that the neonatal cells possess total amounts of the Mol receptor that are equivalent to that found on the PMNs of adults (93) . These investigators localized the intracellular stores of these receptors within the PMNs of adults and neonates and suggested that decreased upregulation may be due to abnormal translocation of Mol from one or more intracellular pools to the cell surface (93). Anderson et a/. (94) also reported that the PMNs of neonates failed to orient normally or assemble microtubules appropriately in a chemotactic gradient. Each of these abnormalities could be due, of course, to abnormal signal transduction. The functional consequences of the above abnormalities include neonatal PMNs that orient, adhere, and move poorly (47, 88, (93) (94) (95) (96) .
Adherence and aggregation. Neonatal PMN also adhere poorly to surfaces according to most reports (43, 47, 96) . This has been attributed both to failure to upregulate the surface expression of adhesive glycoproteins (92, 93) and to decreased fibronectin (43). Olson et al. (40) reported that FMLP-or C5a-induced aggregation of PMNs from neonates was slower than that in adults. More importantly, the cells failed to undergo a disaggregation response similar to that of PMNs from adults. These authors speculated that defective chemotaxis might result in vivo from the inability of the cells to undergo this disaggregation response. Interestingly, these same authors reported that PHA-induced aggregation was actually decreased by the PMNs of neonates (98) . There is suggestive evidence that PMN aggregation occurs in the lungs of neonates which may lead to pulmonary damage. Recently, we have found that a group B streptococcal type I11 antigen in the presence of serum promotes PMN aggregation and adherence to endothelial cells (99) . Patients dying of group B streptococcal pneumonia often have such aggregates in capillaries throughout their lung. This may be due, in part, to the irreversible aggregatory response of the neonatal cell.
All of the abnormalities described above result in a slow influx of PMNs to the site of inflammation or microbial invasion. This results, most likely, in the neonate's enhanced susceptibility to skin infections, abscesses, mucocutaneous candida infections, and pneumonia. This, in my opinion, is one of the most important host defense abnormalities in the neonate since it predisposes to serious and often overwhelming bacterial infection.
Phagocytosis and bactericidal activity. When the PMN reaches the site of invasion, it must prepare to ingest the offending pathogen. If the particle is adequately opsonized with antibody and complement, phagocytosis proceeds through receptors on the PMN surface for the Fc fragment of immunoglobulin or the complement components C3b (CR-1 receptor) and C3bi (CR-3 or Mol) (51, 52 (48) employed monoclonal antibodies and flow cytometry to examine C3b (CR-1) and C3bi (CR-3; Mol) receptors on the surface of PMNs from adults and neonates. In the resting state at 0 and 37" C, there was no difference in expression of either receptor on neonatal versus adult cells. However, the stress of vaginal labor did result in a modest upregulation of the receptors on the PMNs of neonates. When isolated PMNs were stimulated with FMLP or C5a, the neonatal cells upregulated their C3bi (CR-3; Mol) receptors but to only 75% of the levels observed on stimulated PMNs from adults. Similar results have been reported by Anderson et al. (92) . Thus, both adherence, movement, and ingestion of C3bi-coated particles may be somewhat impaired in the "activated" PMNs of neonates. Phagocytosis, or actual particle ingestion, by the PMNs of human neonates has been studied by a number of investigators (69-72, 10 1 -104). Miller (102) reported that the uptake of yeast by the PMNs of neonates was less than that by PMNs from adults. This was especially true when the plasma in the system used to supply opsonins was present at a concentration of less than 2.5%. Two other conditions of the assay employed by Miller (102) might aid in explaining the observed abnormality. First, yeast are very large particles when compared to bacteria. Ingestion of such a large object is more akin to cell movement than phagocytosis since a pseudopod must be thrown out to surround and engulf the yeast cell. Second, the PMNs were stressed in vitro by being challenged with 100 yeast cells per PMN. The neonatal cells were obviously pushed to their limits and were defective in their ability to ingest these particles.
Dossett et al. (103) , employing Staphylococcus aureus and Escherichia coli opsonized in a higher concentration of pooled adult serum, found that the phagocytic and bactericidal capacity of PMNs from newborns was not different from that of controls. Forman and Stiehm (104) also reported normal phagocytosis by the PMNs of 15 term and 13 of 14 preterm well neonates. In a group of six of nine stressed ill infants, however, phagocytosis HILL and intracellular killing were abnormal. McCracken and Eichenwald (105) reported normal phagocytosis and killing of a variety of bacterial pathogens by neonatal PMNs when adult opsonins were utilized. Subsequently, Wright et al. (69) examined the functional capacity of the PMNs from 40 sick newborns and found that 25 (63%) had decreased bactericidal activity for S. aureus and decreased phagocytic or bactericidal activity for E. coli. No consistent correlation was found between the observed abnormalities and birth weight, gestational age, or specific diagnosis leading to the "stress." Employing a radiolabeled bacterial uptake assay, we (70, 71) found that PMNs from both normal and "stressed" ill infants phagoctyized opsonized group B streptococci normally. In contrast, four of five stressed infants examined had PMN bactericidal defects for group B streptococci.
Hams et al. (72) also found that stressed infants' PMNs ingested radiolabeled group B streptococci normally.
When all of the studies are taken into account, the consensus would have to be that the PMNs of well term and probably preterm infants have normal phagocytic and bactericidal activity.
If the cells are "stressed" in vitro or in vivo phagocytic activity for gram positive bacteria remains intact, while bactericidal activity for both gram positive and gram-negative organisms is decreased. Phagocytosis of large yeast particles (102) and some gram negative bacteria may also be impaired (69) .
The reason for the decrease in PMN bactericidal activity of "stressed" neonates is not completely understood (69-72, 104).
Shigeoka et al. (70, 7 1) found decreased CL responses to opsonized particles by the PMNs of stressed neonates, as well as decreased bactericidal activity for group B streptococci. In contrast, the CL responses to soluble stimuli such as PMA were actually enhanced with the PMNs of these "stressed" patients. We postulated that this represented a defect in the later portions of the respiratory burst and that defective function might be due to autooxidative cell damage since antioxidants partially corrected the abnormality. Strauss and Snyder (106) subsequently showed that PMNs from human neonates actually have a more readily activated superoxide generating system than do PMNs of adults. Additional studies by Strauss and colleagues (58, 107) showed that neonatal PMNs had decreased levels of glutathione, glutathione peroxidase, and catalase. These authors also showed that neonatal PMNs released more hydrogen peroxide in the resting state than did PMNs from adults. Furthermore, the PMNs from neonates had decreased viability, most likely due to peroxidative cell damage and death.
The question then arises "Why is there a defect in bactericidal activity in the PMNs of 'stressed' neonates when the respiratory burst has an enhanced ability to be activated and generate superoxide and hydrogen peroxide?" Ambruso et al. (109, 110) have provided a likely explanation for this phenomenon. These authors found that neonatal PMNs have a discrepancy in the ability to produce superoxide and hydroxyl radical. Following stimulation of neonatal PMNs with either opsonized zymosan or PMA, the generation of .OH was relatively less than the production of 0 2 -. Furthermore, the content of lactofemn within the granules of neonatal PMNs was moderately decreased compared to that in cells from adults. Lactofemn, which resides within the specific granules, acts to enhance the generation of hydroxyl radical, a more potent microbicidal agent than either superoxide or hydrogen peroxide. Electromicroscopic studies demonstrated decreased specific granule content within PMNs of neonates (1 10). This may well explain the paradox of decreased microbicidal activity in the presence of normal to increased respiratory burst activity in the PMNs of neonates.
The possibility of autooxidative cell damage, which could also affect cytoskeletal elements, being important in the pathogenesis of the defects in the PMNs of neonates has led investigators to try to correct the abnormalities with antioxidants. We (7 1) found that D-a-tocopherol (vitamin E) or the 2,3 dihydroxybenzoic acid treatment of "stressed" neonatal PMNs resulted in more normal respiratory burst activity in response to particulate or soluble Recently, we have explored another potential therapeutic agent, pentoxifylline (75) . This compound is a methylxanthine derivative which has been used to treat cerebrovascular and peripheral vascular disease (1 12). The compound has been reported to enhance erythrocyte and leukocyte deformability ( I 13-115) and to increase ATP levels within cells (1 16). We have found that low concentrations of this drug improve signal transduction in the PMNs of neonates and at least partially correct the observed abnormality in membrane potential change and CAMP generation (75) . As shown in Figure 4 , pentoxifylline enhanced the chemotactic response of PMNs from neonates while having little, or even a depressive, effect on the response of PMNs from adults. More recently, we (86, 87) have shown that the drug also alters the mobility of Con A receptors on colchicine-treated PMNs of neonates. This suggests the possibility of pharmacologic modification of this developmental defect in cell motility. It is my honest opinion, that only through such attempts to enhance the host defense system of the neonate, will we continue to lower the morbidity and mortality from infectious disorders in the human neonate.
